Knowledge of natural radioactivity in man and his environment is important since naturally occurring radionuclides are the major source of radiation exposure to man. One of the main sources of public exposure from natural radioactivity is radium and radon and its short lived decay products. This radio nuclides are produced from the decay of uranium. Drinking water containing 
INTRODUCTION
Radiation plays an important role in our life. All living organisms are continually exposed to ionizing radiation, which has always existed naturally. The sources of exposure are cosmic rays, terrestrial radionuclides in the Earth's crust, their presence in building materials and in the air, water and foods, and those present in the human body itself. In addition, exposure may arise from manmade radionuclides released into the terrestrial and marine environment (Nikolov et al., 2011) . The largest contributor of ionizing radiation to the population is natural radioactivity. The presence of natural radiation is due to the distribution of radionuclides on earth and "radium emanation" (Zubair et al., 2011) . In the very early years following the discovery of radium, most studies about uses of radium in radium therapy took place in Europe. Radium was an early radiation source for cancer treatment, but this use has largely been replaced by other radioactive materials or methods. Radium-226 has also been used in medical equipment, gauges, and calibrators, and in lightening rods. Alpha emitters such as radium and plutonium can be used as components of a neutron generator. Because of the health hazards from radium many uses of this radionuclide such as luminous paint, hair tonic, toothpaste, ointments, and elixirs was discontinued (Kiliari et al., 2010) . Of the four isotopes, 226 Ra causes the most concern due to a combination of its long half-life (1600 years) and radiological effects. It is among the most toxic long-lived -emitters present in environmental samples, as well as one of the most widespread (López et al., 2002) . High solubility of this element compared with uranium causing penetration through fractures into bedrock and can leak out into groundwater. Radium-226 is a bone seeker element and can cause bone marrow cancer (Kearfott, 1989) .
The greatest health risk from radium is from exposure to its radioactive decay product, radon. Radon is a major cause, second only to cigarette smoking, of lung cancer deaths. Radon has also been classified as a Group 1 carcinogen by the World Health Organization (Kendal and Smith, 2002) . Despite the warnings of agencies, thousands of people annually expose themselves to radon for therapeutic purposes in facilities ranging from rustic old mines to upscale spas and clinics. Reports issued more than a decade ago by the United Nations Scientific Committee on the Effect of Atomic Radiation suggested adaptive responses to radiation by cells and organisms. Waters with radon appear to have analgesic, anti-inflammatory properties and provide neurovegetative balance. About this matter we must notice that the radiation doses to cells and tissues from environmental radon activity-concentrations must also be assessed by the exposure, exposure rate and time length of exposure usually by models. Low level irradiations might be beneficial through stimulating cellular and tissue reactions (Khan, 2002) .
The worldwide average annual effective dose from natural radiation sources is estimated to be 2.4 mSv, of which 1.3 mSv is from exposure to radon and its decay products. Table 1 shows typical average annual effective doses in adults from the principal natural sources. Some researchers reported that the average effective dose from inhalation of radon and its decay products is even higher (Kusyk and Ciesla, 2002) .
Ramsar town and some of the villages around of it in the Caspian Sea strip in Iran have high dose natural ionizing radiation. Radioactivity of the high background radiation areas (HBRAs) of Ramsar is due to 226 Ra and its decay products, which have been brought up to earth surface by the water of warm springs. When the groundwater reaches the surface at hot spring locations, travertine, a calcium carbonate mineral, precipitates out of solution with dissolved radium substituting for calcium in the mineral. A secondary cause of high local radiation levels is travertine deposits with a high thorium concentration. The radioactivity in local soils and the food grown in them is also high because soils are derived from the weathering of local bedrock. Due to extraordinary levels of natural radiation in these areas that in some cases is 55-200 times higher than normal background areas. Over 2000 people are exposed to radiation doses ranging from 1 to 26 rem per year. There are more than 9 hot springs with different concentrations of radium in this city. The visitors as well as residents usually use these springs as spas. Some experts suggested that dwellings having such high levels of natural radiation need urgent remedial actions. However, the inhabitants still live in their unaltered paternal dwellings. Findings clearly show that high levels of natural radiation may induce radio adaptive response (Li et al., 2006) . Rn is a heavy, silvery-white, ductile and slightly paramagnetic metal, which is pyrophoric when finely divided. It is easily oxidizes in air, and becomes coated with a layer of oxide. Thus, uranium mainly occurs in oxidized form in nature. The Uranium concentration in groundwater depends on lithology, geomorphology and other geological conditions of the region. In groundwater uranium is present both in (Binesh and Arabshahi, 2011) . Uranium is present in the earth's crust, principally in the hexavalent form. It is used primarily as a fuel in nuclear energy plants and is introduced into water supplies as a result of leaching from natural sources, from mill tailings, from emissions of the nuclear industry, from the combustion of coal and other fuels, and from phosphate fertilizers.
Review of physical properties
Although available information on concentrations in food and drinking-water is limited, it is likely that food is the principal source of intake of uranium in most areas.
The decay products of uranium pass over 10 elements, all with very different chemical properties. The
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Ra is an alpha emitter, whose half-life is relatively long (1602 years), and it is the fifth member of the 238 U series. The chemical properties of radium are similar to other alkaline earth elements, particularly barium and calcium. Radium exists in only the +2 oxidation state in solution and does not easily complex in water. Freshly prepared radium metal has a brilliant white metallic luster but rapidly becomes black on exposure to air supposedly because of the formation of a nitride Radium-226 is of special interest because it is an important radionuclide for the assessment of radioactive waste disposal. Radium is one million times more radioactive than the same mass of uranium. Its decay occurs in at least seven stages, the following main products were called radium emanation recognized as radon.
The radon readily escapes from the soil or rock where it is generated and enters surrounding water or air. Radon, a noble gas, is essentially chemically inert. Unlike the other noble gases, radon has no known stable isotope. Rather it has 36 radioactive isotopes and isomers, which range in mass number from 198 to 228.
222 Rn emits alpha particles as it spontaneously decays to a series of shortlived radioactive decay products. Radon isotope 222 has a half-life of 3.8 days, long enough to diffuse into the atmosphere through the solid rock or soil in which it is formed. This colorless, odorless, and chemically inactive gas is 7.6 times heavier than air; it readily dissolves in water, particularly if water is slightly acidic and not rich in minerals, and in alcohol and fatty acids. Alpha radiation with 5.49 MeV energy emitted by radon operates on short distance with penetration ability of about 41.1 μm in water and about 20 μm in tissue. High radon concentration in indoor air coupled with the prolonged exposure periods related to indoor habitation make indoor radon a potential hazard.
Routes of exposure and health effect
Radium can reach humans through several transfer paths in the environment. Ra is taken into the human body by ingestion of food and water or inhalation. Radium is a naturally occurring solid radioactive element in the earth's surface and it is absorbed from soil by plants and passed up the food chain to humans.
The uptake of Ra from soil by plant roots is influenced by soil type, as well as by factors such as soil pH, content of other alkaline-earth elements in the soil, clay content, exchangeable calcium and potassium, plant species, and chemical form of 226 Ra in soil. Surface water is usually low in radium but groundwater can contain high levels of radium depending on local geology. Groundwater moves very slowly, allowing substances in the rocks and soil around it to dissolve into the water over time. Then Water consumed by livestock and used for irrigating purposes can be a source of this radionuclide.
Radium-226 is a known bone-seeker due to its metabolic similarity to calcium; the greatest body burden of an animal ingesting 226 Ra would be in the skeleton. Thus, the human populations potentially exposed to the highest concentrations in animal tissue would be those who ingest significant quantities of bone meal.
Great amount of 226 Ra, above 70%, is excreted (by feces and urine) from the body on the first day after the ingestion while the rest of 226 Ra follows the metabolic path of calcium. Radium deposits in bone within those areas where new bone mineral is being formed and also on all bone surfaces.
Radium remains in those areas of new bone formation, but the radium deposits on bone surfaces eventually move into the depths of compact bone as new bone matrix is deposited on top of them.
Long-lived radium-226 remains in the skeleton indefinitely. The United States Environmental Protection Agency (USEPA) stated that radium is a human carcinogen and that exposure to higher levels of radium over a long period of time may result in harmful effects including anemia, cataracts, fractured teeth, cancer (especially bone cancer), and death. As 226 Ra decays, its gaseous daughter product 222 Rn diffuses into the pore water of rock formation, once in contact with ground water; it may migrate over some distances, which are limited by its relatively short half-life.
The story of radon as a cause of lung cancer is a long one with historical accounts documenting a fatal lung disease, centuries ago in miners working in the Erz Mountains of Eastern Europe. Over a century ago, the miners were found to have thoracic malignancy, later identified as primary lung cancer. In the early 20th century, the levels of radon in the mines in this region were measured and found to be quite high; the hypothesis was soon advanced that radon was the cause of the unusually high rates of lung cancer. Although not uniformly accepted initially, as the findings of epidemiologic studies of underground miners were reported from the 1950s on, there was substantial evidence showing that radon was a cause of occupational lung cancer. Radon can enter a home via at least three common pathways:
1. Migration (up from the soil) into the basement through cracks and/or other openings in the foundation. 2. Release of dissolved radon gas from the household on-site water supply. 3. Some of the radon dissolved in tap water will escape to indoor air through common household activities such as showering, bathing, clothes washing, dish washing, and cooking. The proportion lost in this way will depend on circumstances. However, UNSCEAR has suggested that, as a general rule, radon in tap water gives rise to radon in room air at a concentration 10 −4 lower than that in the water. 4. Release from building materials such as a granite block foundation, some fireplace materials, and floor or wall tiles.
When radon decays to form its progeny (  218 Po and   214 Po), they can collect electrostatically on tiny dust particles, water vapours, oxygen, trace gases in indoor air and other solid surfaces. These dust particles (aerosols) can easily be inhaled and attach to the bronchial epithelium, producing a high local radiation dose. Radon alpha particles, can initiate a series of molecular and cellular events that culminates in the development of lung and other cancers.
In the ingestion of radon in drinking water, the highest organ dose from ingested radon is the stomach, which receives >90% of the total effective dose, that can be a factor in the induction and progression of stomach cancer. In summary, scientific studies have clearly demonstrated that this radionuclide increases the risk of cancer. But there are some methods to minimize the presence radon and radium in water.
Mitigation
The two commonly accepted practices for removing radon from water are aeration and the use of activated carbon filters. Aeration techniques simply allow the radon to volatilize from the water and exhaust it outdoors, where it can be dispersed harmlessly. There are basically four types of aeration processes that can be used for residential water treatment; spray aeration, packed columns, diffused aeration and a new process called horizontally extended shallow aeration. Aeration can achieve over 99% percent removal of radon gas from water. Adsorption methods; collect the radon on activated carbon and allow it to decay in place. Activated carbon is generally not recommended for radon removal, since radioactivity will build up on the carbon. In some cases, this could make the carbon in the treatment container too radioactive to be near (in the basement or floor above) and would result in very expensive disposal. Granular activated carbon filters should only be used for water with radon levels less than 10,000 pCi/L. Several methods are available to remove radium from well water: oxidation and filtration, reverse osmosis, sodium cation exchange, and lime-soda ash softening are particularly effective and generally remove 50 to 90% of the 226 Ra present in untreated waters.
Measurement procedure
In this study, radon was measured in the water samplers using PRASSI system. To measure radon in water, some care must be taken in sampling process. Usually, springs and deep wells water are reach in radon, but after the water has been steered a little, it losses the highest fraction of its content. So, we have taken water sample directly from the sources, about 30 cm under the free surface of water. The water samples were collected in various points distributed in and around the cities of Ramsar, Sadatshahr and Javaherdeh; however, Figure 2 shows the sampling sites. In the present research, a total number of 120 water samples were collected and analyzed for radon and radium concentrations. 150 ml water samples were collected from each source or region. The collected samples were then transferred to the laboratory of Payam Nour University for analysis.
Radium in the water samples were measured keeping the water samples in the bottles for 35 days to let radon reach equilibrium with radon whereby we obtained radium concentration in the samples. Figure 3 shows the system set up of measurement including bubbler and drier column. PRASSI pumping circuit operates with constant fallow rate at 3 L/min in order to degassing the water sample properly. Its detector is a scintillation cell coated with Zns (Ag) 1830 cm 3 volume. The sensitivity of this system in continuous mode is 4 Bq/m 3 during the integration time 1 h. Numbers shown by the device is based on Bq/m 3 . Using Equation 1, radon gas density is calculated based on (Bq/l): 1 Where, Q PRASSI = the value recorded by the device, Vtot = the total volume of air connections, V = the volume sample and within the brackets is a correction factor in the delay measurement.
Radon determination
A total of 120 samples including 18 samples of spring water, 11 samples of well water, 22 river water samples Binesh et al. 7973 and 69 samples of drinking water were tested. The third column of Table 2 , presents the concentration of radon in water samples. Also, the the radon gas density results are shown in Figure 3 . It can be showed that 9.17% of the samples, the last 11 samples in Table 2 have concentrations > 11 Bq/L, that is, maximum contaminant level for radon in public drinking water, suggested by the EPA. Also Environmental Protection Agency proposed an alternative maximum contaminated level (AMCL) 148 Bq/l for radon in drinking water. The AMCL is set at a level that would result in a contribution of radon from drinking water to radon levels in indoor air equivalent to the national average concentration of radon in outdoor air. The average value of radon concentration for all samples is found to be 4.773 Bq/L. According to the data, the minimum and maximum radon concentrations in samples are 0.000 and 40.946 Bq/L, respectively.
Radium determination
Specific drinking water standards have not been established for radium 226. The fourth column of Table 2 and 
Evaluation of mean annual radon dose
Radon enters the human body through ingestion and through inhalation, as radon is released from water to indoor air. Therefore, radon in water is a source of radiation dose to stomach and lungs. The annual effective doses for ingestion and inhalation were calculated according to parameters introduced by UNSCEAR report. For ingestion, the following parameters were used:
1. The effective dose coefficient from ingestion equals 3.5 nSv/(Bq/L). 2. Annual intakes by infants, children and adults are found to be about 100, 75 and 50 L, respectively. 3. The annual effective doses, due to ingestion corresponding to 1 Bq/l, would equal 0.35 μSv/y for infants, 0.26 μSv/y for children and 0.18 μSv/y for adults.
For inhalation, the following parameters were used:
i. Ratio of radon in air to radon in tap water supply is in the range of 10 -4 . ii. Average indoor occupancy time per person is about 7000 h/y; iii. Equilibrium factor between radon and its progeny is equal to 0.4. ).
The annual effective dose due to inhalation corresponding to the concentration of 1 Bq/L in tap water is 2.5 μSv/y. Therefore, waterborne radon concentration of 1 Bq/L, causes a total effective dose of about 2.68 μSv/y for adults. The mean annual effective dose per person for adults caused by different water samples are reported in Table 2 . The dose rate due to radon concentration by the population in the studied location is between 0.000-110 mSv/y. According to the advised of WHO and the EU Council, just 2 samples (No. 1 and 2) induced the annual effective dose greater than 0.1 mSv/y.
Evaluation of mean annual radium dose
Annual effective dose of 226 Ra in drinking water is Sv/Bq). The results are presented in Table 2 . Table 2 shows that 12 samples induced the annual effective dose greater than 0.1 mSv/y and 1 sample is equal to 0.1 mSv/y.
DISCUSSION
Results of radon concentration in water samples showed that 9.17% of samples were higher than the normal level 11 Bq/L, set by EPA. As the data indicate, the 222 Rn concentrations in most of spring water sampled are high and low in rivers. Particularly, the sample number 1 that related Hot spring water near Azadi hotel has a concentration of about 40.946 Bq/L. Groundwater may contain high amounts of natural radioactivity, mainly associated with uranium and thorium-rich soils and rocks, while surface water usually contains lower amounts of 222 Rn than groundwater. Binesh et al. 7977 No sample has a concentration of 146 Bq/L of but most amount of radon concentration with 40.946 Bq/L is related to Hot spring water near Azadi hotel one fourth of the reaction. The results of radium concentration show that about 44.17% of total samples are greater than 0.185 Bq/l. According to the advice of WHO and EU Council, radon induced the total annual effective dose greater than 0.1 mSv/y. In 2 samples and in 12 samples the annual effective dose is induced by radium greater than 0.1 mSv/y. Therefore, there is a radon and radium problem for these sources. Nearly, half of this samples that have annual effective dose greater than 0.1 mSv/y belong to springs, and remained samples from tap waters. Tap waters produce problems certainly. Springs water can also cause diseases, because although people do not use spring water for drinking, but area residents and visitors use spring water to treat skin diseases without any medical supervision, leading to inhaling air containing radon that can be a risk factor. For improvement of the social health level, it is essential that to reduce the radon and radium concentrations in the drinking water before usage. 
